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INTRODUCTION
Experiments on the quantitative requirement of phenylalanine and tyrosine in the diet of swine are limited. Baker et al. (1966) indicated that .10% dietary phenylalanine satisfied the maintenance nitrogen reten tion requirement of adult nongravid swine. Rippel et al. (1965b) fed a casein-crystalline amino acid diet to gilts and, using nitrogen retention as the criterion to determine the requirement, suggested that the gravid gilt does not require more than .30% phenylalanine when the diet contains .33% tyrosine.
The purpose of these experiments was to determine the total aromatic amino acid and phenylalanine requirements of gravid gilts using several metabolic criteria.
LITERATURE REVIEW
In the 1950s little was known about amino acid requirements (Baker and Speer, 1983) . Research in the amount and specific nutrient require ments has been encouraged by economic factors involved in swine produc tion. Herein, I will review some of the research that has been done on feeding levels, protein levels, and amino acid requirements for preg nant swine. Techniques used to assess these research areas will also be reviewed.
Feeding levels
Research has been conducted at different stages of pregnancy to test different levels of feed intake and its effect on fetal survival rate, birth weight, weaning weight and sow body weight. Anderson (1975) compared a group of pregnant gilts fed 2.27 kg feed daily to gilts given no feed (inanition), but were offered water. A high percentage (79%) of the gilts subjected to inanition remained pregnant up to 37 days, however, only 25% remained pregnant when inanition continued beyond 41 days. Fetal survival rate in the inanition pregnant gilts remained high and equivalent to those found in the fed control gilts (2.72 kg/day; 14% protein), but prolonged inanition adversely affected development of the fetuses. In 1978, Anderson and Dunseth reported that maternal dietary restriction from days 30 to 70 or 110 limited fetal growth. The Yorkshire gilts fed a limited ration (0.80 kg/day; 2,208 kcal) from days 30 to 70 or from days 30 to 110 of gestation maintained a pregnancy rate of 93% which was similar to the percentages found in the control gilts (1.82 kg/day; 5,008 kcal; 16% protein). The gilts fed 0.8 kg/day had a reduced number of surviving fetuses by day 110. To study the effect of a pro longed period of inanition from days 30-70 or days 50-90 of gestation Hard and Anderson (1979) allowed gilts to consume only water. Litter size was not affected by treatment and 74% of the inanition gilts during either the middle or late gestation maintained pregnancy compared to 100% in controls. The test gilts were gradually realimented to the con trol diet (2.72 kg/d, 16% protein) and allowed to complete pregnancy. Hard and Anderson (1982) reported the reproductive performance through two successive pregnancies of gilts born to dams full-fed or deprived of nutrients during pregnancy. They concluded that maternal nutrient deprivation during middle or late pregnancy had little detrimental effect on subsequent growth and reproduction. Elliot and Lodge (1977) fed sows either 0.45 or 2.27 kg feed per day from day 100 of gestation until farrowing. The level of feed intake did not significantly affect litter size or birth weight, but sow body weight decreased. In a similar study, Elliot and Lodge (1978) reported that feed intake of .45 or 2.27 kg/day during the last two weeks of preg nancy did not influence survival, average weaning weight or total litter gain. Hard and Anderson (1979) stated that offspring of dams offered no feed in the middle or last trimester of pregnancy not only had reduced birth weight, but also reduced growth rate to 80 days of age.
Protein level
Swine seldom experience nutrient deficiencies which influence repro duction under current feeding standards. The sow has the ability to protect her fetuses and is capable of producing grossly normal, viable young when deprived of dietary protein during gestation.
Several studies have shown that intake of protein during gestation does not affect birth weight at parturition (Rippel et al., 1955b; Frobish et al., 1966; Hoi den et al., 1968; Pond and Walker, 1968; Greenhalgh et al., 1977 respectively, and found birth weights were similar for the two treatments.
Mahan (1981) discussed several research reports in which the effect of gestation protein level on sow reproductive performance was evaluated.
Pig birth weight was not significantly affected by gestation protein levels from 8 to 16 percent. When a very low or nonprotein diet (0-3%) was provided throughout gestation, however, there was a reduction in birth weight. Similarly, Pond et al. (1969) demonstrated that birth weight was reduced in pigs born to gilts fed a protein free diet through out pregnancy, but not in gilts deprived from day 24 of gestation to parturition. Birth weights of pigs from inanition dams (0 kcal/day; water only) in the middle or last third of pregnancy were significantly less than those from full-fed dams (Hard and Anderson, 1979) .
Numerous reports on the effect of protein intake during gestation have shown no significant differences between protein levels Clawson et al., 1963; Hard and Anderson, 1979; Hard and Ander son, 1982; Hoi den et al., 1968; Rippel et al., 1965c Frobish et al. (1966) found that the number of pigs farrowed alive by sows on high protein (364 g/day) was superior to the number of pigs farrowed alive by sows on the low protein (182 g/day) intake, but the difference was not significant.
Protein restriction, expressed either in grams consumed per day or a percentage of the diet, influences weaning weight. Rippel et al. (1965c) fed gilts a corn diet from day 70 to day 109 of gestation and reported no effects on growth rate of progeny, however, sows nursing offspring that received the corn diet .throughout gestation did not gain as rapidly as those which were fed the 16% protein diet continuously. Baker et al. (1970) Other reports (Antinmo et al., 1974; DeGeeter et al., 1972; Pond and Walker, 1968) have also stated that progeny from gilts fed low protein diets consistently gained slower than the pigs from control gilts. Pond et al. (1969) observed that dietary protein restriction throughout preg nancy resulted in reduced postnatal weight gain of progeny. In the work of Hard and Anderson (1979) , progeny born to gilts starved in the middle or last third of pregnancy, weighed significantly less at 30, 36, 42
and 80 days compared to controls. In a subsequent study. Hard and Ander son (1982) reported on the growth and reproductive performance of gilts born to dams deprived of nutrients during the middle or last third of gestation. Birth and weaning weight of gilts were reduced when compared to those of gilts from control dams. However, by 150 days of age body weights were similar. Gilts born of dams subjected to starvation reached puberal estrus earlier than gilts from control dams. In their first parity, litter weights at birth and litter size were similar, however, number of pigs weaned tended to be smaller for sows whose dams had been subjected to starvation compared to control sows.
Research of the effect of protein intake during pregnancy on survival of pigs is limited. Rippel et al. (1965c) , Holden et al. (1968) and Clawson et al. (1963) 
Nitrogen balance
Nitrogen balance is the difference between nitrogen intake and nitro gen excreted in the feces and urine. The concept of nitrogen balance is attractive in theory, and it allows a comparison to be made of dif ferent diets but is rarely able to provide absolute data (Elsley and MacPherson, 1972) on nitrogen retention.
Studies have been conducted to obtain information on the effect of pregnancy on nitrogen retention and efficiency with which protein is utilized. Elsley et al. (1966) found highly significant differences in pre-slaughter live-weight, weight of reproductive tract and weight of the mammary region between pregnant and nonpregnant gilts fed 2.2 kg of a 14% crude protein diet. The nitrogen retention was 9% higher for pregnant compared to nonpregnant gilts when slaughtered at 110 days of gestation. In a similar study. Heap and Lodge (1967) reported mean weight gains were 35.9 and 4.3 kg, respectively, for pregnant and non pregnant sows. The extra carcass gain was located in the carcass and reproductive organs. The gravid gilt has a greater capacity for retaining dietary nitrogen than does the nongravid gilt as reported by Rippel et al_. (1965a) , who found the biological value for a 3% protein corn-soybean meal diet was 99% for the gravid gilt while Baker et al. (1966) , using the same reference diet, found the biological value to be 69% for the nongravid gilt.
Nitrogen balance trials with pregnant swine to study the effect of daily nitrogen intake and stage of pregnancy on nitrogen retention have yielded conflicting results. Rippel et al. (1965a) In a study to determine the threonine requirement for reproduction, Leonard and Speer (1983) found that nitrogen retention was greater at day 90 of pregnancy than at day 45, however, when an amino aciddeficient diet was fed nitrogen retention did not increase in late preg nancy. Similarly, Woerman and Speer (1975) conducted nitrogen balance trials 12 days before mating and at day 30, day 50 and day 95 of pregnancy to determine the lysine requirement for reproduction through two repro ductive cycles. They found small differences for periods within a preg nancy for nitrogen retention, while nitrogen retention was greater in the second pregnancy compared to the first pregnancy.
Plasma urea nitrogen
Plasma urea level is influenced by protein content in the diet, the time after feeding and the protein quality of the diet (Eggum, 1970) .
In a series of trials, Eggum (1970) determined that there was a positive correlation (r=.95) between protein content in the diet and the blood urea content. Eggum also determined in the pig that blood urea content increases for the first 3 to 4 hours after feeding and thereafter a pla teau is attained. Also blood urea decreases with increasing quality of the protein in the diet. Brown and Cline (1974) (Easter and Baker, 1977; Leonard and Speer, 1983; Meisinger and Speer, 1979; Woerman and Speer, 1976) for pregnant swine. Essential amino acid requirements for lactation studies have reported a similar trend (Lewis and Speer, 1973; Lewis and Speer, 1974a, b; Rousselow et al., 1979) . However, in a study to determine the valine requirement for lactation, Rousselow and Speer (1980) reported plasma urea concentrations failed to decrease with increasing levels of valine supplementation. Thus, plasma urea concentration should not be used by itself when estimating the amino acid requirement.
Plasma free amino acids
Reports in the literature have indicated that postfeeding changes in the plasma amino acid concentration are dependent on the amino acid composition of the diet consumed. Research work with rats (Sauberlich and Salmon, 1955) and chicks (Gray et al., 1960; Hill and 01 sen, 1963) has shown that dietary amino acid deficiencies result in reduced plasma concentration of that amino acid. Using mongrel dogs, Longenecker and Hause (1959) stated that changes in the plasma amino acid concentration after a meal is dependent upon the amino acid composition of the protein ingested. Richardson et al. (1953) and Hill et al. (1961) found an accu mulation of an amino acid in the plasma when excesses were supplied in the diet.
Zimmerman and Scott (1965) used plasma amino acid concentration to estimate the amino acid requirement for lysine in chicks. They found that lysine did not accumulate in the plasma so long as the concentration of dietary lysine was less than that needed to maximize weight gain.
Once this level was exceeded lysine began to accumulate rapidly in the plasma. Morrison et al. (1961) , using rats, observed that when the amino acid lysine is added in graded levels to a diet deficient in this amino acid, the plasma concentration of the amino acid remains rather low and constant until the dietary requirement is reached. Longenecker and Hause (1959) suggested that if the amino acids are removed from the plasma at rates which are proportional to the amino acid requirement, then the most limiting amino acid of a protein should give the smallest relative increase or the largest relative decrease with respect to the amino acid requirement. This suggestion is supported by the work of Mitchell et (1968) with pigs, who found that addition of an amino acid to a diet deficient in that amino acid does not cause a significant increase in its plasma concentration at levels sub-optimal to dietary need, but when excess levels of an amino acid are in the diet, levels of this free amino acid increase.
Plasma free amino acid concentration along with other metabolic and productive measurements have been used to estimate the requirement of an amino acid for gestation. The requirement for sulfur amino acids (Hoiden et al., 1971) , for lysine (Woerman and Speer, 1976) , for trypto phan (Meisinger and Speer, 1979) , and for threonine (Leonard and Speer, 1983 ) have been estimated for gestation using these criteria.
Metabolism of phenylalanine and tyrosine
Phenylalanine and tyrosine are synthesized by a common pathway in E. coli (Stryer, 1981) . The initial step is condensation of a glycolytic intermediate (phosphoenolpyruvate) and a pentose phosphate pathway inter mediate (erythrose-4-phosphate).
Tyrosine is formed by the hydroxylation of phenylalanine, a reaction catalyzed by phenylalanine hydroxylase. Phenylketonuria, an inborn error of phenylalanine metabolism, is caused by an absence of phenylalanine hydroxylase. Excess phenylalanine in the diet of individuals with phenyl ketonuria is not degraded to final metabolic products (acetoacetate and fumarate). Individuals with phenylketonuria usually are severely mentally retarded and hyperactive.
The conversion of phenylalanine to tyrosine is essential for the formation of neurotransmitters, norepinephrine, epinephrine and dopamine.
The catecholamines are synthesized from tyrosine in sympathetic-nerve terminals and in the adrenal gland (Stryer, 1981) . Thyroxine and tri iodothyronine, produced by the thyroid gland, are two hormones that are derivatives of tyrosine (Beck, 1982) .
Phenylalanine and tyrosine requirement established phenylalanine as one of the amino acids that must be supplied in the diet for maintenance of nitrogen equi librium in the human male. Rose and Wixom (1955) suggested that tyrosine in the diet may exert a sparing action upon phenylalanine requirement.
In the absence of tyrosine, these workers found that the addition of tyrosine reduced the phenylalanine requirement 70 to 75%. A replacement value of 35 to 40% for women and approximately 50% for men was reported by Burrill and Schuck (1964) . Tyrosine replacement values of the total requirement for aromatic amino acid have been reported for the following animal species: growing rats, 45% (Stockland et al., 1971) ; chicks, 42.5% (Sasse and Baker, 1972) and weanling pig, 49% (Robbins and Baker, 1977) .
Requirement recommendations for total aromatic amino acids for the growing rat have been reported as follows: .69% (Stockland et al., 1971) ,
.9% (Womack and Rose, 1945) and .72% (Rama Rao et al., 1961) . For the growing chick, a requirement estimate of .87% has been reported by Sasse and Baker (1972) . For the growing pig, the following dietary estimates have been reported: .46% (Mertz et al., 1954) , and .56% (Robbins and Baker, 1977) . These researchers considered optimal gain, feed efficiency and plasma free phenylalanine and tyrosine levels in making their recom mendations.
There is a dearth of information on the phenylalanine requirement for the gravid and nongravid gilt. Baker et al. (1966) reported a re quirement of .049% phenylalanine for maintenance of the nongravid gilt fed 1.82 kg diet daily. Rippel et al. (1965b) selected gilts at the 86th to 88th day postcoitum and fed a 12% protein isolated soybean protein diet for approximately 10 days at a level of 1.82 kg per head daily.
About the 98th day postcoitum the gilts were given the test diet. Five day fecal and seven day urine collections were initiated after the gilts had received the test diet for 4 and 5 days, respectively. Based upon these limited data, the gravid gilt did not require more than 0.30% phenylalanine when the diet contained 0.33% tyrosine.
Explanation of Dissertation Format
The total aromatic amino acid and L-phenyl alanine trials reported in this dissertation will be submitted for publication to the Journal of Animal Science under the authorship of J. C. Trew and V^ C. Speer.
EXPERIMENTAL PROCEDURE
In trial one, 12 gravid gilts (Yorkshire x Landrace) were assigned randomly to two 5x5 Latin square experiments (Cochran and Cox, 1957) from day 40 to day 100 of gestation. In trial two, six gravid gilts (Yorkshire x Landrace) were assigned randomly to a 6 x 5 Latin square experiment from day 40 to day 100 of gestation. Animals were fed a diet containing 12% protein (N x 6.25), which was wetted at feeding at the rate of 1.82 kg once daily until the end of the trial.
In trial one, the basal diet (.13% phenylalanine plus tyrosine)
was supplemented with L-phenylalanine to provide 2.37 (basal), 4.19, 5.00, 7.83, 9.65, and 11.47 grams/day total aromatic amino acids (Table   la ,b). L-glutamic acid and corn starch amounts were altered to maintain isonitrogenous diets as increasing levels of L-phenylalanine were added to the basal diet. The basal diet was calculated to contain all essential nutrients except phenylalanine at recommended levels (NRC, 1979).
A second trial was conducted using the basal diet (Table 1 ) with the addition of L-tyrosine to provide 5.00 grams/day tyrosine, while supplementation with L-phenylalanine produced diets that supplied 7.46 (basal), 8.37, 9.28, 10.19, 11.10, and 12.00 grams/day total aromatic amino acids or 1.46, 2.27, 3.27, 4.20, 5.10 and 6.00 grams/day L-phenylalanine.
Initially the gilts were housed in an open-front shed for breeding.
On day 35 of gestation the gilts were transferred to an enclosed building provided with supplemental heat and were penned individually in gestation aDiets were maintained isonitrogenous with L-glutamic acid.
'^L-phenylalanine added to provide 2.37 (basal diet), 4.19, 6.00, 7.83, 9.65, and 11.47 grams/day total aromatic amino acid in the experi mental diets of trial one.
^L-tyrosine added to provide 6.00 grams/day tyrosine; L-phenylalanine added to provide 7.46 (basal), 8.37, 10.19, 11.10, and 12.00 grams/day total aromatic amino acids in the experimental diets of trial two. dContributed per kilogram of diet: vitamin A, 2000 ID; vitamin 03, 200 lU; vitamin E, 10 lU; riboflavin, 3 mg; niacin, 10 mg; pantothenic acid; 12 mg; vitamin B12; 15 ugi vitamin 86, 1 mg: thiamin, 1 mg: biotin, .1 mg; folacin, .5 mg; choline, 1250 milligrams. eContributed the following in milligrams per kilogram of diet: Zn, 120; Fe, 60; Mn, 33; Cu, 6.6; I, .9; Se, .14. '^L-phenylalanine added to provide 2.37 (basal diet), 4.19, 6.00, 7.83, 9.65, and 11.47 grams/day total aromatic amino acid in the experi mental diets of trial one.
^L-tyrosine added to provide 6.00 grams/day tyrosine; L-phenylalanine added to provide 7.46 (basal), 8.37, 10.19, 11.10, and 12 .00 grams/day total aromatic amino acids in the experimental diets of trial two.
crates. The gilts were fed the basal diet from day 35 to day 39 for pretrial adjustment. Treatment diets for each gilt were initiated on day 40 of gestation and fed for a period of 10 days. Each diet was fed to one of the gilts within each of the six 10-day periods.
Nitrogen balance trials were conducted during the last 5 days of each dietary period. Urine collection was facilitated by bladder cath eters. The urine was collected in carboys containing 50 ml 1.0 N HCl.
Urine volume was measured and a .5% subsample was taken daily, frozen and stored at -20 C until analyzed. Feces were collected daily, frozen and stored for later analysis. Blood samples were withdrawn from the cranial vena cava prior to feeding and again 2 hours postfeeding the last day of each dietary period. The heparinized blood samples were centrifuged, plasma removed and frozen at -20 C until analyzed.
Feces, feed and urine were analyzed for nitrogen content by the macro-Kjeldahl (AOAC, 1975) method. Blood plasma and urine were analyzed for urea nitrogen as described by Marsh et al. (1965) . Feed samples were hydrolyzed in 5 N HCl under nitrogen for 22 hours at 110 C (Kaiser et al., 1974) . Hydrolyzed feed and plasma samples were analyzed for amino acids by gas-liquid chromatography (Frank et al., 1980) . Plasma impurities were removed by the method of Adams (1973) before amino acid analysis. The phenylalanine (trial 1) was analyzed by a modification of the HPLC method of Nissen et al. (1982) . The chromatographic separa tion was continued until a peak identified as phenyl pyruvate (Ketoacid of PHE) was eluted. The samples were immediately analyzed upon prepara tion and norleucine was used as an internal standard.
Data were analyzed by the least squares method of Harvey (1960) .
Minimum amino acid requirements were estimated by broken-line analysis (Draper and Smith, 1981) .
RESULTS: TRIAL 1
Total aromatic amino acid (T.AAA) intake effects on nitrogen balance are presented in Table 2 . Increasing dietary TAM resulted in a linear decrease (P<.05) of fecal nitrogen excretion. Urinary nitrogen excretion decreased, while daily nitrogen retention increased linearly (P<.01) and quadratically (P<.05) with increasing levels of TAAA intake. Stage of pregnancy (period) had no significant effects on any of the nitrogen balance measurements (Table 4) .
Plasma urea nitrogen data are presented in Table 3 . Plasma urea nitrogen levels decreased linearly and quadratically (P<.01) as levels of dietary TAAA increased. The responses were similar for both the postfeeding and fasting plasma samples. There were stage of pregnancy (pe riod) effects for postfeeding and fasted (P<.01) plasma urea levels (Table   4 ). Urinary urea decreased linearly (P<.01) with increasing dietary TAAA to 9.65 grams/day intake ( Table 3 ).
The response of plasma phenylalanine and tyrosine during gestation to dietary TAAA intake is shown in Table 3 . Plasma phenylalanine concen tration postfeeding increased linearly (P<.01) with increasing levels of TAAA intake, while fasting concentration was unaffected by dietary levels of TAAA. The postfeeding:fasting phenylalanine ratios were greater than one for the five higher dietary TAAA levels, while the lowest phenyl alanine level fed resulted in a ratio less than one. Both fasting and postfeeding levels of tyrosine increased (P<.01) with increasing levels of dietary TAAA. The postfed:fasted tyrosine ratios were less than one 
^(P<.05).
until daily intake reached 9.65 grams of TAAA. There were no stage of pregnancy (period) effects for plasma tyrosine or postfed plasma phenyl alanine, however, fasting plasma phenylalanine levels decreased signif icantly after the first 10-day period and then remained at a low level for the remaining five periods. Initial weight and reproduction data are present in Table A .l.
RESULTS: TRIAL 2
Pregnancy nitrogen balance data are presented in (Table 7) .
Plasma urea nitrogen levels for both postfeeding and fasting were not significantly affected by increasing dietary levels of phenylalanine (Table 6 ). Stage of pregnancy significantly (linear P<.05) effected plasma urea nitrogen (Table 7) . A quartic (P<.05) response was shown by urine urea with increasing levels of phenylalanine in the diets (Table   6 ).
Plasma phenylalanine levels postfeeding increased linearly (P<.01) with increasing levels of phenylalanine intake while fasting concentration did not change (Table 6 ). Added phenylalanine intakes of 0.0 and .91 grams/day resulted in postfeeding:fasting ratios less than one. Fasted levels of tyrosine increased linearly (P<.G5) and cubically (P<.01) with increasing levels of phenylalanine intake while postfed concentration showed no response (Table 6 ) to dietary treatments. The plasma tyrosine ratios for postfeeding:fasting were all greater than one. Plasma phenyl alanine and tyrosine data during gestation in response to total aromatic amino acid intake are shown in Table 7 . Initial weight and reproduction data are presented in Table A .l. (Table 5) , however, the minimum levels of plasma urea nitrogen occurred with a dietary intake of 4.20 grams/day (.23% of the diet) phenylalanine.
Urinary urea excretion (trial 2) was lowest with a dietary intake of 4.20 grams/day or .23% phenylalanine and a large increase in excretion occurred when the diet contained 5.10 grams/day or .28% phenylalanine. Morrison et al. (1961) , Zimmerman and Scott (1965) and Mitchell et al. (1968) with the rat, chick and pig, respectively, reported that the plasma concentration of an amino acid remains low and constant until the dietary requirement is reached, then there is an approximately linear increase in the concentration of the amino acid in the plasma with in creasing levels of the amino acid being studied. Dietary phenylalanine intakes of 3.37 grams/day (trial 1) and 3.27 grams/day (trial 2) caused substantial increases in plasma phenylalanine concentrations postfeeding.
The comparison of postfed to fasting levels of plasma phenylalanine sug gests that the lowest level of phenylalanine intake that will increase postfeeding concentration of plasma phenylalanine above fasting concen tration is less than 3.37 grams/day and 3.27 grams/day for trials 1 and 2, respectively. The postfeeding:fasting phenylalanine ratios were greater than one for the five (trial 1) and four (trial 2) higher dietary phenylalanine treatments while the basal diet (trial 1) and the two lowest phenylalanine levels fed (trial 2) resulted in a ratio less than one.
Postfeeding:fasting ratios less than one have been reported by several authors (Longenecker and Hause, 1959; Meisinger and Speer, 1979; Leonard and Speer, 1983; Robles-Cabrera and Speer, 1983) and for different amino acids, and ratios less than one are considered to be indicative of an amino acid deficiency. The postfeeding:fasting tyrosine ratios (trial 1) remained relatively constant and below one until .53% TAAA (9.65 grams/ day) were fed. The tyrosine ratios were greater than one for all dietary treatments, indicating that .33% tyrosine (6.00 grams/day) is greater than the dietary tyrosine requirement.
Considering all the criteria evaluated in trial 1, .40% TAAA (7.28 g/d) would seem to satisfy the dietary requirement for gestation. If it is assumed that crystalline [-phenylalanine is 100% available and that phenylalanine in feedstuffs is about 87% available (Sauer et al., 1977; Rudolph et al., 1983 ) the TAAA requirement would increase to .41% or 7.44 grams/day. Response criteria in trial 2 suggest a minimal phenyl alanine intake of .24% or 4.35 grams/day. Therefore, of the TAAA re quirement of .41% suggested in trial 1, a minimum of about 58% would need to be supplied by phenylalanine and the balance (42%) could be sup plied by tyrosine (trial 2). The portion of the TAAA requirement that can be furnished by tyrosine has been estimated at 49% for the weanling pig (Robbins and Baker, 1973) , 42.5% (Sasse and Baker, 1972) to 47% (Sasse and Baker, 1973) for chicks and 45% (Rama Rao et al., 1961; Stockland et al., 1971) to 55% (Womack and Rose, 1946) for rats. 
